The sera of several animal species neutralize Friend leukaemia virus. Among 54 serum samples taken from I6 different species only those of mouse, rat and sheep were found to be devoid of this property. The neutralizing activity is partially heatlabile and appears to require the presence of complement. Its biological significance might be considerable.
INTRODUCTION
In the course of investigations on the immunodepressive properties of murine leukaemia viruses, we have observed that incubation with fresh serum from several animal species markedly reduces the leukaemogenic activity of Friend virus (FV) . Here this previously unreported phenomenon is described and data on its nature are presented.
METHODS

Mice. Male BALB/c mice bred in this Institute by brother-sister mating and aged
Io to I4 weeks were used throughout.
Virus. The passage history of the strain of FV used has been given elsewhere (Bendinelli, I97I) . Unless otherwise stated, various stocks of plasma collected from adult BALB/c mice 2I days after infection and stored at -7o °C were employed; they titrated io 3 to Io 3.5 IDs0/o'I ml. A stock of virus prepared in newborn mice was also used; it consisted of plasma collected 2I days after neonatal infection and titrated IoqDs0/o'I ml. Purified FV was prepared from infected adult plasma by the method described by Chenaille et al. (I967) ; it titrated Io25ID5o/O'I ml.
Sera. Blood collected aseptically from healthy adult subjects was placed at room temperature for 3o min, at 4 °C for 2 h, and then centrifuged at 50o g for I5 min in the cold. The serum was removed and stored at -70 °C. Most of the results in Table 2 were obtained with sera collected from single animals. All the other experiments were performed with various batches of pooled sera from 5 to Io guinea pigs.
Standard neutralization test. FV diluted Io z in PBS was mixed with an equal vol. of serum and incubated in a water bath at 37 °C for 2 h with occasional shaking. Controls with heat-inactivated serum (56 °C for 3o min) and PBS were always run in parallel. The mixtures were then injected into lots of 4 to Io mice (o.I ml intravenously), and 3 weeks later the mice were killed and the spleens weighed. * 56 °C for 3o min. t The sera were scored as positive when the mean spleen weight was reduced by more than 5o ~o. Table I shows the effect of pre-incubating FV at different dilutions with fresh and heatinactivated guinea pig serum on the leukaemogenic activity of the virus, as judged by splenomegaly development in the recipient mice. The spleen enlargement induced by FV was markedly inhibited by the native serum at all the virus dilutions tested. However, the inhibition was more evident with FV diluted Io -2. This dilution of virus was therefore used in the subsequent experiments. Also the moderate splenomegaly induced by the RowsonParr virus (RPV) component of FV preparation (Rowson & Parr, 197o; Bendinelli & Nardini, I973) is inhibited by incubation with fresh serum. This is shown in Table I Guinea pig serum 3o5 263-38o
RESULTS
Demonstration of the neutralizing activity
* Log IDso/o'l ml of plasma or 2o % spleen extract.
spleen weight of mice injected with FV diluted io -4 and has been confirmed in separate experiments performed with preparations of RPV freed of FV. Heating the serum at 56 °C for 3o min virtually abolished the inhibitory activity.
As shown by Table 2 , a similar inhibitory activity was found in a wide range of animals. Of I6 animal species tested, only mouse (three different strains), rat and sheep sera did not exert a significant inhibition. In most cases heating the sera destroyed or strongly reduced the inhibiting power; however, occasionally in some species (guinea pig, calf, duck, pig) and more consistently in the rabbit a substantial proportion of it persisted.
In one experiment lots of ~o mice were intravenously injected with 0"5 ml of fresh or heated guinea pig serum and challenged with FV 15 min later. In order to increase sensitivity, FV was diluted Io -~'5 and the mice were killed after 2 weeks. Nevertheless, no significant differences were observed in the spleen weight of the different groups of mice. This result proves that the inhibition of FV splenomegaly caused by guinea pig serum is due to a direct effect on the virus and is not mediated by an increase of host resistance. Table 3 shows the titres of FV and RPV in the spleen and in the plasma of mice 3 weeks after receiving FV incubated with guinea pig, human or chicken serum. In all cases, FV infectivity was undetectable and that of RPV was strongly reduced as compared to the levels found in mice injected with FV incubated with PBS. These results clearly demonstrate that, at least in the case of guinea pig, chicken and human sera, the inhibition of splenomegaly is due to neutralization of FV infectivity.
Factors affecting neutralization
All the following experiments were performed with various batches of pooled sera from 5 to Io guinea pigs.
Length of incubation period
To study this aspect, the mixtures to be tested were prepared as for the standard test, except that all ingredients were pre-warmed at 37 °C. After mixing, samples of the mixtures were collected at I, m, 2o, 3o, 6o, i2o and 18o min of incubation, rapidly cooled at z °C and injected into mice. FV neutralization progressed very quickly (Fig. I ): 2o to 5o % of the leukaemogenic activity was abolished in I min, about 8o % in IO min, and at zo rain the neutralization was virtually complete. ©, Table 4 gives the extent of FV inhibition exerted by different dilutions of three batches of guinea pig sera. Neutralization by fresh sera was still clearly evident at dilutions of I" 20 to I : 4O. The residual activity of heated sera waned at lower dilutions.
Dilution of the sera
Temperature of incubation
The effect of varying the temperature of incubation was studied by mixing chilled FV and serum in the cold and then incubating samples of this mixture at different temperatures for 2 h. The reaction was remarkably sensitive to temperature. A decrease in temperature to I5 °C reduced the extent of neutralization from 98"o to 4o'2 with one batch and from 8o'5 to 7o'~ with a second batch of serum. At 2 °C the degrees of inhibition were 29.8 and 36"7, respectively. Upon further incubation at 37 °C neutralization was resumed and at the end of 2 h reached the usual levels.
Presence of divalent cations
The requirement for divalent cations was investigated by removing Ca 2+ and Mg z+ with EDTA. Before mixing with FV, fresh and heated sera were supplemented with an equal Heated serum EDTA 3"8
* In parentheses is shown the haemolytic activity in CH~0. vol. of o.I M-Na2 EDTA, in o'5 M-tris-HC1, pH 7"3, so that the final concentration of EDTA in the reaction mixtures was Io mM. As shown in Table 5 , EDTA removed most of the neutralizing activity of fresh serum. Addition of o'I5 M-CaClz in tris-HC1 at the final concentration of I5 m~ completely restored neutralization. In contrast, the removal or the addition of divalent cations did not significantly influence the residual activity of heated serum.
In other experiments the effect of adding o.I M-EDTA to FV previously neutralized by fresh serum was investigated. As shown in Table 5 , in these conditions neutralization was not reversed by the addition of EDTA.
Source and purification of FV
Different stocks of FV, consisting of plasma taken from normal and anti-thymocyte serum-treated adults 7, ~4 or 2I days after infection or from newborn mice, were equally sensitive to neutralization. A spleen extract of FV was also neutralized. Even FV freed from mouse plasma components by one or two cycles of purification was as susceptible to neutralization by fresh serum as unpurified virus; interestingly, however, in contrast to the latter, it was unaffected by heated serum.
Complement depletion
Fresh guinea pig serum was depleted of complement activity by the methods used for preparation of complement reagents R1, R2, Rz and R~ (Kabat & Mayer, I96~) . To avoid the possible interference of mouse complement components present in FV preparations, the neutralizing power of these reagents was tested on purified FV. As shown in the lower part of Table 5 , all the treatments abolished the haemolytic activity and abolished or strongly reduced the FV neutralizing power. Recombination of R1 and R2 or R3 and R4 concomitantly restored the haemolytic and the FV neutralizing activity.
Complement levels in FV-infected mice
Mice infected with FV 3 weeks previously were tested for complement content of serum. The results given in Table 6 indicate that the complement levels are not significantly affected by FV infection.
DISCUSSION
These results demonstrate that the serum of normal domestic and laboratory animals can very effectively neutralize the infectivity of FV preparations: both the FV and RPV components, which are immunologically correlated (Bendinelli & Nardini, 1973) , are affected. From the serological survey carried out, this property seems to be widespread: out of 54 sera of 16 different animal species only those from mouse, rat and sheep failed to neutralize FV. This hitherto unreported property should therefore be taken into consideration when the effects on FV or on FV infection of sera and antisera obtained from positive species are studied.
The FV neutralizing activity of sera is different in nature from that of previously described inhibitors of leukaemia-sarcoma viruses (Solomon, Glatt & Okazaki, ~966a; Solomon et al. I966b; Chermann et al. I97o; Turner et al. I97I) . The data collected so far on guinea pig serum strongly suggest that complement is an essential component of the neutralizing system, the salient findings being:
(i) In most cases the neutralizing activity is destroyed by heating at 56 °C for 3o rain. Its resistance to this treatment in certain instances may be attributable to reintegration of the heat-labile complement factors by equivalent factors of mouse origin contained in the preparation of FV. It is known that the low complement levels of the mouse are due to the deficient activity of one or few factors only (Rice & Crowson, I95o) and the finding that purified FV is not neutralized by heated guinea pig serum favours this possibility.
(ii) The neutralization is dependent on the presence of divalent cations, but their removal when the reaction is accomplished does not bring back infectivity.
(iii) Both temperature requirements and the kinetics of neutralization are compatible with the intervention of the complement.
(iv) Various procedures which selectively destroy or remove different complement factors abolish neutralization and the neutralizing power is restored by combinations of the inactive products thus obtained which reestablish the haemolytic activity.
These observations leave little doubt about the participation of complement. On the other hand, the muttifactoriaI nature of the phenomenon is also suggested by preliminary results indicating that certain combinations of naturally inactive fresh sera and of heatinactivated sera are effective in neutralizing FV. The complement might intervene in two ways. First, by interacting with FV already sensitized (Majer, ~97 z) antibody produced by the infected mice in which the virus is prepared. Secondly, by interacting with FV sensitized in vitro by natural antibody present in the sera contributing complement, with the possible intervention of properdin (Wedgwood, 1964) . Although FV-infected mice may produce anti-FV antibody (Mathot, Rothen & Scher, x965), the first mode of action is excluded by the findings that FV prepared in immunologically deficient mice (newborn or anti-thymocyte serum-treated adults) is neutralized as effectively as FV prepared in normal adults and that the serum of the chicken-the complement of which is activated very poorly by mouse antibody (unpublished results) -is active, and also by the observation that mice infected with FV, although strongly immunodepressed (Salaman & Wedderburn, I966; Asherson & Bendinelli, I969) , have virtually normal levels of complement activity.
The current results, however, do not allow the factors involved in neutralization to be identified with certainty, further immunological, biological and chemical analysis being needed. Should the participation of natural antibodies be confirmed, the extent of their diffusion would imply that the corresponding antigen(s) i s extremely widespread and, in turn, their absence in an animal species would raise the question of its unresponsiveness.
It is noteworthy that at least two (mouse and rat) of the three animal species found to be devoid of neutralizing power support FV replication. Whatever its nature, the neutralizing activity may in fact be operative in vivo and contribute to narrow the range of animal susceptibility to FV. This study was supported by the Leukaemia Research Fund of Great Britain. We thank Dr M. H. Salaman and Professor G. Falcone for helpful suggestions and Luciana Montagnani for skilled technical assistance.
